A ciclização de Prins catalisada por iodo entre álcoois homoalílicos e cetonas foi investigada. Condições anidras e atmosfera inerte não são necessárias neste protocolo ausente de metais. A reação do 2-(3,4-di-hidronaftalen-1-il)propan-1-ol com seis cetonas simétricas alifáticas levou ao produto desejado em 67-77% de rendimento. A ciclização foi realizada com quatro cetonas alifáticas assimétricas, levando aos correspondentes piranos em 66-76% de rendimento. A ciclização de Prins também foi alcançada com quatro cetonas aromáticas com 37-66% de rendimento. Finalmente, a ciclização de Prins do monoterpeno isopulegol e acetona foi realizada com sucesso.
Introduction
Prins cyclization constitutes a powerful tool to obtain tetrahydropyrans (Scheme 1), [1] [2] [3] including the key step in several total syntheses. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Typically, Prins cyclization is performed mixing a homoallylic alcohol and an aldehyde in the presence of excess of an acid under anhydrous conditions. The use of ketones as the carbonyl components is restricted to a relatively small number of examples. [15] [16] [17] [18] [19] [20] [21] [22] Additionally, only aliphatic symmetric ketones were usually employed. Herein, we describe the Prins cyclization of homoallylic alcohols 1a-b (Figure 1 ) with several ketones (aliphatic and aromatic, symmetric and non symmetric) catalyzed by 5 mol% of iodine 23, 24 without using anhydrous conditions and inert atmosphere. [25] [26] [27] 
Results and Discussion
We start our study investigating the reaction of the readily available homoallylic alcohol 1a 28 with 1 equiv of acetone (2a) in CH 2 Cl 2 . The desired Prins cyclization product 3a was obtained in 76% yield using 5 mol% of iodine (Table 1 , entry 1). Under similar conditions, the Prins cyclization could also be performed with 2-pentanone (2b, entry 2), as well as with a series of cyclic ketones (2c-f, entries [3] [4] [5] [6] .
The next step was the study of unsymmetrical ketones ( Table 2 ). The iodine-catalyzed Prins cyclization of 1a with ketone 2g gave the chromene derivative 3g in 71% isolated yield, as a 1:1.25 mixture of diastereomers (entry 1). A similar result was obtained using the ketone 2h, although in a slightly higher diastereoselectivity (entry 2). Vol. 24, No. 9, 2013 Ethyl acetoacetate (2i) was also used as the carbonyl component, giving 3i in 75% yield (entry 3). In such a case, the diastereoselectivity was higher than using 2g-h. The reaction of 1a with menthone 2j gave the spirocyclic compound 3j in 22% yield, as a single diastereomer. This low yield is analogous to that previously reported for Prins cyclizations using menthone. 22 Considering the results obtained with aliphatic ketones, we tuned our attention to the less reactive aromatic ketones (Table 3 ). The coupling of acetophenone (2k) and 1a gave 3k, as a 1:5 mixture of diastereomers in 66% yield (entry 1). Using benzophenone (2l) as the carbonyl component, the desired product 3l was isolated in 43% yield (entry 2). The spirocyclic compound 3m was obtained in 52% yield as a single diastereomer, using 1-tetralone (2m), as substrate (entry 3). Chromanone 2n gave the spiro cyclic compound 3n in 37% yield (entry 4).
Based on the results in Tables 1-3 , it is possible to conclude that lower yields were observed for the more bulky ketones, either aliphatic (Table 2, entry 4) or aromatic  (Table 3 , entries 2-4). Additionally, the relative configuration of the Prins cyclization products (3g-k and 3m-n) shows that the bulkier group is cis to the methyl group. This agrees with the mechanism proposed for the iodine-catalyzed Prins cyclization. 25 The relative configurations were assigned by The Prins cyclization of the monoterpene isopulegol 1b was also investigated, because it has very different structural features when compared to 1a. Treatment of a mixture of 1b and acetone (2a) with iodine gave the functionalized bicyclic compound 5, as a single diastereoisomer. It is important to note that in this case the carbocation intermediate 4 reacts with water (formed in situ), instead of losing a proton like in previous cases. The attack of water occurs through the equatorial face, explaining the formation of a single diastereoisomer (Scheme 2).
25,29

Conclusions
The iodine-catalyzed Prins cyclization of homoallylic alcohols and several ketones (aliphatic and aromatic, symmetric and unsymmetric) furnishes the desired hydropyrans in good to moderate yield. This protocol can be useful to prepare O-heterocycles under very mild conditions. In the case of hindered ketones, the desired products were obtained in lower yield.
Experimental
All commercially available reagents were used without further purification unless otherwise noted. Commercially available isopulegol was purified by flash column chromatography (15% AcOEt in hexanes). Tetrahydrofuran (THF) and benzene were freshly distilled from sodium/ benzophenone. CH 2 Cl 2 was freshly distilled over CaH 2 . Thin layer chromatography (TLC) analyses were performed in silica gel plates, using UV and/or p-anisaldehyde solution for visualization. Flash column chromatography was performed using silica gel 200-400 mesh. Melting points are uncorrected. All NMR analyses were recorded using CDCl 3 as solvent and tetramethylsilane (TMS) as internal pattern. The experimental procedures for the preparation of compounds 3a and 3c-e were previously reported. 25 4,4-Diethyl-1-methyl-1,4,5,6-tetrahydro-2H-benzo[f] isochromene (3b). General procedure for iodine-catalyzed prins cyclization: I 2 (0.030, 0.076 mmol) was added to a stirred solution of 1a (0.113 g, 0.600 mmol) and 2b (0.06 mL, 0.6 mmol) in CH 2 Cl 2 (5 mL). The mixture was refluxed for 3 h. Na 2 SO 3 (0.0075 g, 0.60 mmol) and H 2 O (10 mL) were added. The aqueous phase was extracted with AcOEt (3 × 5 mL). The combined organic phase was washed with brine (5 mL) and dried over anhydrous MgSO 4 . The solvent was removed under reduced pressure. The crude product was purified by flash column chromatography (5% AcOEt in hexanes), affording 3b (0.115 g, 0.450 mmol, 75%) as white solid; mp 58-60 o C; R f = 0.56 (hexanes:EtOAc, 9:1); IR (film) ν/cm isochromene (3k): the reaction was performed following the general procedure, but using 1a (0.113 g, 0.600 mmol), 2k (0.070 mL, 0.60 mmol), CH 2 Cl 2 (5 mL) and I 2 (0.0076, 0.030 mmol). The crude product was purified by flash column chromatography (2% AcOEt in hexanes). Compounds cis-3k (0.0186 g, 0.0641 mmol, 11%) as a white solid and trans-3k (0.097 g, 0.33 mmol, 55%) as colorless viscous oil were obtained. (±)-(1R,4R) 
